Metabolic regulation of somatotropin and prolactin secretion in ruminants by McAtee, John Wayne
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1970
Metabolic regulation of somatotropin and prolactin
secretion in ruminants
John Wayne McAtee
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Dietetics and Clinical Nutrition Commons, Human and Clinical Nutrition
Commons, and the Medical Nutrition Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
McAtee, John Wayne, "Metabolic regulation of somatotropin and prolactin secretion in ruminants " (1970). Retrospective Theses and
Dissertations. 4854.
https://lib.dr.iastate.edu/rtd/4854
/ 
I 
I 
71-14,242 
McATEE, John Wayne, 1944-
METABOLIC REGULATION OF SOMATOTROPIN AND 
PROLACTIN SECRETION IN RUMINANTS. 
Iowa State University, Ph.D., 1970 
Health Sciences, nutrition 
University Microfilms, A XERQ\Company, Ann Arbor, Michigan 
METABOLIC REGULATION OF SOMATOTROPIN AND 
PROLACTIN SECRETION IN RUMINANTS 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Animal Nutrition 
by 
John Wayne McAtee 
Approved: 
In Charge of Major Work 
Head of Major Department 
De^ of Graduate College 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1970 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
PART I. METABOLIC REGULATION OF SOMATOTROPIN 
AND PROLACTIN SECRETION 3a 
REVIEW OF LITERATURE 3b 
Metabolic Regulation of Somatotropin Secretion 3b 
Metabolic Effects of Prolactin 11 
Comparative Chemistry of Somatotropin and 
Prolactin 13 
EXPERIMENTAL PROCEDURES 16 
Animal and Sampling Methods 16 
Analytical Ifethods 17 
RESULTS 20 
Infusion of Metabolites 20 
Feeding and Fasting 30 
Infusion of 2-Deoxyglucose 33 
Infusion of Arginine 36 
DISCUSSION 40 
Plasma Somatotropin Concentrations 40 
Plasma Prolactin Concentrations 47 
SUMMARY 50 
PART II. STATE OF SOMATOTROPIN IN PLASMA 52a 
HYPOTHESIS 52b 
PROCEDURES AND RESULTS 55 
DISCUSSION 
LITERATURE CITED 
ACKNOWLEDGMENTS 
APPENDIX 
1 
INTRODUCTION 
The importance of the anterior pituitary gland and its 
hormones for normal growth and metabolic processes has been 
known for a long time. Somatotropin (STH) is one of these 
hormones whose function has been the subject of intense re­
search. Despite the accumulation of a large body of evidence 
that it is involved in protein, nucleic acid, carbohydrate 
and lipid metabolism, its function as a regulator of these 
processes has not been clearly established since information 
on the secretion of this hormone has not been available. A 
few reports suggest that prolactin may have activities similar 
to STH. This is perhaps not surprising in view of the recently 
reported similarities of the primary structures of these hor­
mones . 
The development of the radioimmunoassay made it possible 
to measure minute concentrations of protein hormones in plasma. 
Studies utilizing this technique, primarily with humans, have 
led many investigators to place increased emphasis on the role 
of STH in regulation of energy metabolism with available glu­
cose being assigned a major role in the regulation of its 
secretion. The energy metabolism of ruminant animals is con­
siderably different from monogastric animals. Ruminants are 
more dependent upon short chain fatty acids arising from rumen 
fermentation than on absorbed glucose and long chain fatty 
acids. It might be expected that the short chain fatty acids 
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would have a role in regulation of STH secretion. 
The objective of the investigations reported in Part I of 
this dissertation was to determine the effects of fasting, 
short chain fatty acids, glucose and amino acids on plasma 
concentrations of STH and prolactin in ruminants. 
Results of experiments based on radioimmunoassay for STH 
have not always been consistent with results of similar ex­
periments based on the bioassay for STH. Some of these con­
tradictions could possibly be the result of secretion of a 
STH molecule that is not measured by radioimmunoassay tech­
niques. The hypothesis that circulating STH may exist in more 
than one form was tested and constitutes Part II of this dis­
sertation. 
3a 
PART I. METABOLIC REGULATION OF SOMATOTROPIN 
AND PROLACTIN SECRETION 
3b 
REVIEW OF LITERATURE 
Metabolic Regulation of Somatotropin Secretion 
Acute changes of plasma STH concentrations were first 
reported by Roth, Click, Yalow, and Berson in 1963. These in­
vestigators reported that hypoglycemia, induced by insulin, 
was followed by a rapid and sustained increase in plasma STH 
concentration. When the induced hypoglycemia was terminated by 
administration of glucose, plasma STH returned to the fasting 
level. That an abrupt decrease in blood sugar level results 
in an increased plasma level of STH in man has been amply con­
firmed and extended to monkeys (Click e_t a]^. , 1965; Meyer and 
Knobil, 1967; Luft and Cerasi, 1968 and Greenwood et al., 1966). 
Roth et al., (1963b) found that inhibition of cellular glucose 
utilization by 2-deoxyglucose resulted in concurrently high 
levels of blood glucose and STH and suggested that the utiliza­
tion of glucose at some intracellar site is of greater impor­
tance than the absolute level of blood, glucose in the regula­
tion of STH secretion in humans. Administration of glucose 
produced an abrupt fall in high levels of STH but the subse­
quent decline of blood sugar concentration was followed by a 
marked increase in plasma STH, often while blood sugar was 
still elevated. They postulated that an impending glucose 
déficit is alsc a stimulus to STH genrAtion. 
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Plasma STH concentrations in primates have been shown to 
rise in response to various physically and psychologically 
stressful stimuli (Click e_t , 1965; Greenwood and Landon, 
1966; Meyer and Knobil, 1967; and Bay lis ^  , 1968). In 
order to determine if the insulin induced STH response was 
due to the stress associated with hypoglycemia, Baylis ^  
(1968) used doses of insulin that resulted in only moderate 
hypoglycemia without an increase in plasma Cortisol. A sig­
nificant rise in plasma STH concentration was still observed. 
Luft ^  , (1966) infused insulin chronically at very low 
levels and observed a marked increase in plasma STH when blood 
glucose had declined only about 10 mg/100 ml. These observa­
tions lead Click (1968) to conclude that a specific mechanism 
for STH secretion exists that is dependent upon the supply of 
carbohydrate available for metabolism. 
The STH response to insulin induced hypoglycemia seems to 
be mediated through the hypothalmus since it is abolished by 
pituitary stalk section in humans (Roth et , 1963b) and 
microinfus ion of glucose into the median eminence region of 
monkeys (Blanco £t , 1966). 
If the function of hypoglycemia induced rises in plasma 
STH is to stimulate the release of free fatty acids from 
adipose tissue, then free fatty acids might be expected to 
inhibit STH secretion, forming a feeabauk system. Blacksrd 
et al. (1969) found that intravenous infusion of soybean oil 
or sodium octanoate completely blocked the plasma STH response 
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to insulin in the rhesus monkey. 
The effect of insulin hypoglycemia on STH secretion in 
the rat is not clear. Muller and Pecile (1968) and Krulich 
and McCann (1966) have reported that insulin administration 
results in a depletion of the pituitary of STH as measured by 
the tibia bioassay. Muller and Pecile and their coworkers who 
have repeatedly used the depletion of the rat pituitary of STH 
in their studies of STH release mechanisms, have consistently 
reported 25 to 50 percent decrease in pituitary STH one hour 
after injection of insulin (Muller and Pecile, 1968). In 
striking contrast to bioassay results, Schalch and Reichlin 
(1968) reported that plasma STH, as determined by radioimmuno­
assay in rats, was depressed by insulin injections. Daughaday 
et al. (1968) injected insulin and observed a significant in­
crease in pituitary itimunoassayable STH concentration. Since 
rats in this study were sacrificed at half-hour intervals up 
to two hours, it seems unlikely that they would have missed 
the depletion found by those using the bioassay technique. 
Since their findings did not agree with other reports, they 
examined the effects of varying the dose of insulin, fasting 
and adrenalectomy. None of these factors altered their re­
sults. Since the discrepancy seemed to exist between the re­
sults of immunoassay and bioassay, Daughaday's group used both 
types of assays on a gioujj uf pituitary extracts from one 
study. By neither immunoassay nor bioassay did they find sig­
nificant depletion of pituitary STH. Garcia and Geschwind 
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(1968) attempted to repeat the experiments under exactly the 
conditions described by Muller and Pecile with rats from the 
same source but using the immunoassay. They also found a de­
crease in plasma STH and an increase in pituitary STH. The 
effect of insulin induced hypoglycemia on secretion of STH in 
the rat remains unresolved. 
Garcia and Geschwind (1968) examined the effect of insulin 
hypoglycemia and intravenous administration of glucose on 
plasma STH in rabbits. Neither of these treatments affected 
plasma STH. Insulin hypoglycemia in pigs (Machlin jet , 
1968a) produced only a small, less than 2-fold, increase in 
plasma STH in contrast to the 5 to 20-fold increases observed 
in humans. An initial rise in plasma STH level after saline 
injection suggested that at least a portion of the initial in­
crease was due to the injection procedure. Plasma STH remained 
moderately elevated after insulin injection for a period of 
three hours but returned to basal levels within an hour after 
saline injection. Glucose infusion did not suppress basal con­
centrations of STH but after the infusion stopped and while 
blood glucose was dropping rapidly, there was a marked peak of 
plasma STH. Sheep injected with insulin or insulin plus glu­
cose responded with a temporary high plasma STH level that 
rapidly subsided even when the hypoglycemia persisted for an 
additional two hours (Trenkle, 1970b). 
In summary, rapidly declining blood glucose concentra­
tions result in increased plasma levels of STH in man, monkey, 
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pigs and sheep, but not in rabbits. There seems to be species 
variation in the magnitude and duration of the response. The 
response in the rat seems to be laboratory specific. 
The most consistent result of experiments with humans 
designed to study STH secretion over prolonged periods of time 
is that rarely does a subject show a steady plasma level. In­
stead, the plasma STH concentrations show frequent peaks that 
in many cases cannot be related to metabolic or environmental 
changes. The peaks seemingly occur with a slight degree of 
regularity but are not reproducible when the same subject is 
studied on more than one occasion (Click et al., 1965 and 
Hunter ^  , 1968b) . 
Plasma STH usually remains low shortly after ingestion of 
carbohydrates but a distinct peak of STH usually occurs some­
time during the early postabsorptive phase (Roth et al., 1963; 
Hunter e^ , 1966a and Pallotta and Kennedy, 1968). Hunter 
et al. (1968a) reported that the magnitude of this rise is re­
lated to the amount of carbohydrate ingested. Hunter (1968) 
suggested that this peak of STH triggers the mobilization of 
depot fat and the subsequent rise in plasma free fatty acids. 
Throughout fasting, plasma STH continues to show peaks and 
intermittent periods when it is very low (Click et al., 1965 
and Hunter et al., 1968b). Hunter (1968) further suggested 
that these peaks of STH during fasting represent further stim­
uli necessary to maintain free fatty acid release and stated 
that this "... is or is closely related to, the blood glucose 
8 
level". In fact, his own data (Hunter et al., 1968b) on 16 
subjects in a study specifically designed to examine the rela­
tionship between blood glucose concentrations and plasma STH 
show no correlation between blood glucose or spontaneous 
changes in blood glucose and the STH peaks. Similarly, neither 
plasma free fatty acids nor alpha amino nitrogen levels seemed 
to be related to the STH peaks. Quabbe ejt (1966) reported 
evidence for a nocturnal pattern of STH release, noting that 
STH peaks were larger and more frequent during the night than 
on the following day in humans continually fasted. Their data 
further showed a close relationship between periods of deep 
sleep and plasma STH level but no relationships between plasma 
glucose, free fatty acids or insulin and STH concentrations. 
The authors' interpretation is that the STH peaks are not re­
sponsible for increased lipolysis during fasting. Similar 
nocturnal patterns have been observed by Click and Goldsmith 
(1968) and Hunter ^  al. (1968b). Cahill et al. (1966) 
attempted to relate plasma STH concentrations to plasma glu­
cose, free fatty acids, insulin and Cortisol during an eight-
day fast and cast similar doubt on the role of STH as a reg­
ulator of fasting metabolism. An experiment by Click and Cold-
smith (1968) provides the best case against carbohydrate short­
age during fasting being a stimulus to STH secretion. A glu­
cose solution was infused intravenously for a 24 hour peiiou aL 
a rate sufficient to provide about 3500 calories daily. The 
plasma STH concentrations after the first eight hours followed 
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the same sporadic pattern as in fasted subjects. 
Plasma STH concentrations do not rise during prolonged 
fasting in rhesus monkeys (Knobil and Meyer, 1968), papio 
baboons (Conway et al., 1969), sheep (Trenkle, 1970b) or rats 
(Trenkle, 1970d). Conway et al. (1969) chronically infused 
glucose at low levels into the internal carotid artery of 
fasting baboons and found that plasma free fatty acids and 
glycerol levels were suppressed but plasma STH and insulin 
levels were not changed. These data suggest that the central 
nervous system alters lipolysis by a mechanism that is inde­
pendent of STH and insulin. Machlin et al. (1968a) found that 
during fasting of 20 kg pigs plasma STH rose to a peak after 
two days and declined afterwards. The maximum level of plasma 
free fatty acids was reached on the first day of fasting and 
were maintained. Plasma levels of STH were found to be very 
high in newborn pigs (Swiatek e^ al., 1968). Starvation re­
sulted in a doubling of these high levels. In contrast, they 
found no increase in plasma STH concentrations when 4-day-old 
pigs were fasted. Garcia and Geschwind (1968) reported in­
creased levels of plasma STH in fasting rabbits and mice. 
Since STH is known to stimulate amino acid transport and 
protein synthesis in vivo (Riggs and Walker, 1960) and in 
vitro (Kostyo, 1968), it might be expected that plasma amino 
acids T-7ould regulate STH: sscration. KriOpf a^. (1965) dem­
onstrated that certain amino acids infused intravenously did 
stimulate STH secretion in humans. The basic amino acids 
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(arginine, histidine and lysine) were found to be most potent. 
Less potent stimulators of STH secretion were phenylalanine, 
methionine, leucine and valine. In these experiments large 
quantities of single amino acids were infused (15 to 30 g/30 
min) so the physiological significance of the results is not 
clear. More convincing evidence of amino acids as normal 
stimuli to STH secretion was reported by Rabinowitz e^ al. 
(1966) who fed beef to women and reported that two to three 
hours after eating, plasma STH concentrations were elevated. 
Similar observations were made by Sukkar e^ jd. (1967) and 
Pallotta and Kennedy (1968) using men as experimental subjects. 
Rabinowitz et al. (1966) and Pallotta and Kennedy (1968) also 
reported that addition of carbohydrates to the meal reduced the 
response. The inhibitory effects of added carbohydrates may 
be due to the slight hyperglycemia or the delayed and reduced 
rise in plasma alpha-amino nitrogen (Rabinowitz et , 1968). 
A difference between the responsiveness of men and women to 
amino acid infusion has been noted (Rabinowitz et al., 1968 
and Baylis et , 1968). Women consistently respond to 
intravenous infusion of arginine or ingestion of protein with 
high levels of plasma STH. In men, however, the response was 
more erratic and sometimes absent. Rabinowtiz's group found 
that pretreatment of male subjects with stilbesterol increased 
their responsiveness to arginine. Intravenous arginine waa 
•9 
found by Hertelendy et (1970) to increase plasma STH con­
centrations in sheep, cows, and to a lesser extent in pigs. 
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Garcia and Geschwind (1968) found no effect of arginino ou 
plasma STH in rabbits. 
Metabolic Effects of Prolactin 
In a review in 1963, Riddle pointed out that the very 
early prolactin studies carried out by himself and his cowork­
ers pointed to a general metabolic role for this hormone. The 
results of those early studies indicated that prolactin stim­
ulated weight gain by hypophysectomized pigeons and dwarf mice. 
Those studies were generally ignored on the basis of question­
able purity of the hormone preparations used in these early 
studies. Bates et al. (1962) repeated the studies with hypo­
physectomized pigeons and found that injections of prolactin 
and STH increased the weight of the body, liver, pancreas, in­
testines and kidney. There was no apparent synergism between 
these two hormones but both were synergistic with thyroxine 
and prednisone. Normal mature female rats injected with 10 
mg ovine prolactin or bovine STH daily increased 4 g/day in 
body weight in a study reported by Bates et (1964). Injec­
tion of STH resulted in greater increases in body length than 
did prolactin. Both hormones similarly increased the weight of 
the liver, gut and spleen while decreasing the weight of the 
pancreas and depot fat. There were no apparent additive or 
gynergiatin effects of the two hormones, nresumablv because 
the large dose of each hormone was producing maximum responses. 
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Administration of prolactin in large doses results in 
hyperglycemia in the dog and cat (Houssay and Anderson, 1949) 
and reduces the hypersensitivity of hypophysectomized dogs to 
insulin (De Bodo and Sinkoff, 1953). Manns and Boda (1965) re­
ported that intravenous injection of prolactin did not signifi­
cantly alter blood glucose, plasma free fatty acids, insulin 
or amino nitrogen in sheep. 
Hamid et al. (1965) demonstrated that prolactin added in 
vitro to diaphragms from hypophysectomized rats increased 
^^C-leucine incorporation into protein. Prolactin also in­
creased protein synthesis when added vitro to adipose tissue 
from both normal and hypophysectomized rats. In this latter 
study, prolactin at 50 /ig/ml was more effective than STH at 
200 /ig/ml. Stimulation of lipolysis in adipose tissue by pro­
lactin was reported by Moore and Ball (1962). Hamid ^  al. 
(1965) compared STH and prolactin and found that stimulation of 
lipolysis by 5 /ig/ml prolactin was equal to or greater than the 
stimulation by 5 (ig/ml of STH. 
While it has been generally accepted that nonprimate STH 
preparations are not active in primates, McGarry e^ (1968) 
have reported that ovine prolactin mimics many of the effects 
of human STH when administered to humans. Administration of 
ovine prolactin to hypopituitary patients increased nitrogen 
retention, urinary calcium excretion and plasma free fatty 
acids and decreased glucose tolerance and plasma urea. These 
responses were qualitatively similar to but usually smaller 
13 
than the response to smaller amounts of human STH. 
Injection of insulin into goats was reported to cause an 
abrupt decline in plasma immunoreactive prolactin by Bryant 
and Greenwood (1968b). Plasma prolactin in one lactating goat 
was shown to fall dramatically during fasting. These data 
suggest that prolactin secretion may be influenced by the 
metabolic state of the animal. 
Comparative Chemistry of Somatotropin and Prolactin 
Complete amino acid sequences of human STH and ovine pro­
lactin have been determined by Li and coworkers (1969a and 
1969b). Close examination of the structures of these two hor­
mones reveals certain important similarities that may account 
for the overlap of their biological activities. Human STH is 
made up of 188 amino acid residues in a single chain. Disul­
fide bonds in STH between residues 68 and 162 and between 
residues 179 and 186 form two closed loops. Ovine prolactin 
contains 198 amino acid residues in a single chain with three 
closed loops. Disulfide bonds between residues 58 and 173 and 
between 190 and 198 form loops similar to those in human STH. 
In addition, ovine prolactin has a disulfide bond forming a 
small loop near the amino terminal end which has no counter­
part in human STH. The disulfide connected segments 68-85 and 
157-180 of human STH and 58-75 and 168-191 of ovine prolactin 
are composed of similar amino acid sequences. Of the 42 res­
idues in this region, 18 positions are occupied by the same 
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amino acid residues in each hormone, 15 positions are occupied 
by residues with similar side chains and only 9 are occupied 
by unrelated residues. 
In view of the structural similarities it is not surpris­
ing that these two hormones often show similar activities. In 
addition to the activities of prolactin that resemble those of 
STH, human STH has lactogenic activity (Li, 1968). As yet all 
efforts to isolate a prolactin preparation from human pitui-
taries without STH activity (by tibia assay) have proven futile. 
The primary structure of bovine STH has not been completely 
determined. Available data obtained from the amino acid com­
position of tryptic (Dellacha ^  , 1968) and cyanogen bro­
mide (Fellows and Rogol, 1969) fragments and sequential analy­
sis of the carboxyl terminal end (Santome et al., 1966) in­
dicate that it has a structure very similar to that of human 
STH. One of the cyanogen bromide fragments of bovine STH ob­
tained by Fellows and Rogol was capable of stimulating incor­
poration leucine into protein when added in vitro to dia­
phragms from hypophysectomized rats (Nutting ^  , 1970). 
Although the entire amino acid sequence of this peptide is not 
known, it is composed of two chains connected by a disulfide 
bond and seems to correspond closely with segments 14-122 and 
147-177 of human STH. This peptide then contains all but three 
of the amino acid residues of the region of similarity between 
human STH and ovine prolactin. It seems that the region in 
which the primary structure of STH and prolactin are similar 
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may contain the amino acid sequence that possesses "STH-like" 
activity. 
Since evolutionary changes in receptor sites for hormones 
may result in species specificity of a hormone's actions 
(Geschwind, 1967) it seems appropriate at this time to inves­
tigate possible metabolic regulatory roles for prolactin as 
well as STH. 
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EXPERIMENTAL PROCEDURES 
Animal and Sampling Methods 
Yearling Hereford steers weighing about 400 kg and cross­
bred heifers about five months old and weighing 150 to 180 kg 
were used in these studies. The animals were maintained on the 
rations shown in Table 1 and allowed at least three weeks to 
adapt to the rations and individual handling under the condi­
tions that the experiments were to be conducted. On the day 
before the start of each experiment, catheters were placed into 
jugular veins for withdrawing blood samples. In order to min­
imize the disturbance of the animals when sampling, the animals 
were restrained loosely with a halter and the distal end of the 
catheter broughtthrough a partition. With this arrangement it 
was possible to take samples without being seen by the animals. 
Catheters were filled with heparinized saline when not in use. 
Blood samples were drawn into heparinized syringes, placed in 
centrifuge tubes and chilled on ice. Blood was centrifuged at 
4°C and the plasma stored frozen until assayed. 
Test compounds were infused into the jugular vein through 
the indwelling catheter with a peristalic infusion pump or 
syringe. Blood samples were obtained over a period of one to 
four hours before infusions to provide control values for each 
animal. Solutions of acetate, propionate, butyrate and hy-
drolyzed casein were adjusted to pH 7.4 with sodium hydroxide 
before being infused. Infusions of test substances and with-
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drawal of blood samples were usually made through the same 
catheter. This necessitated interruption of the infusion for 
a period of usually less than one minute. 
Table 1. Composition of rations 
Heifers Steers 
Ingredient % % 
Cracked com 63. 31 64. 00 
Ground alfalfa hay 15. 00 25. 00 
Soybean meal 14. 90 5. 00 
Molasses 5. 00 5. 00 
Dicalcium phosphate 0. 76 0. 50 
Calcium carbonate 0. 53 
Trace mineral salt 0. 50 0. 50 
Vitamin A, lU/kg ration 2200 2200 
Analytical Methods 
plasma STH concentrations were determined by the solid-
phase radioimmunoassay method developed by Trenkle (1970a). 
Radioimmunoassays for insulin in plasma were performed using 
the dextran-coated charcoal separation of bound and free 
labeled insulin as modified by Trenkle (1970c). Glucose con­
centrations in plasma were measured by an automated modifica­
tion of the method of Hoffman (1937). 
A radioimmunoassay for prolactin was developed using the 
procedures for incubation âûJ Séparation of bound and free 
labeled hormone that Trenkle (1970c) described for insulin. 
125 Ovine prolactin labeled with I was prepared as Trenkle 
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(1970a) described for ovine STH. Antisera to prolactin were 
obtained from guinea pigs immunized to a highly purified ovine 
prolactin preparation furnished by Dr. C. H. Li. This antisera 
was used at 1:20,000 final dilution. Inhibition of binding of 
labeled ovine prolactin by two preparations of bovine prolactin, 
bovine anterior pituitary extract and plasma are shown in 
Figure 1. The curves obtained for all four preparations were 
parallel. The bovine prolactin prepared by Li is about 2.1 
times as reactive as the NIH preparation. This is approxi­
mately the same ratio as their biological activities. Bovine 
thyrotropin, bovine STH and plasma from a hypophysectomized 
calf were tested and found not to inhibit binding. The anti-
125 body did not bind ovine I-STH. These data indicate that 
the assay is specific and quantitative for prolactin. 
Statistical analysis of the data were made according to 
the methods of Snedecor and Cochran (1967) and Duncan (1955). 
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Figure 1. Inhibition of binding of ovine prolactin by 
bovine prolactin (• Li, x x NIH), pituitary 
extract (• •) and plasma (x — x) 
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RESULTS 
Infusion of Metabolites 
In this series of experiments glucose, acetate, propionate, 
butyrate and the amino acid mixture arising from the hydrolysis 
of casein were infused into the jugular veins of fasting steers 
or heifers to determine the effect of elevated plasma levels of 
these metabolites on plasma STH and prolactin concentrations. 
The infusions lasted one or two hours. The volume of each in­
fusion was 275 ml/hr. Essential data and results of the sta­
tistical analyses are included in appendix tables. 
The results of intravenous infusion of 0.5 mmoles/kg/hr 
glucose into three steers are shown in Figure 2 and Appendix 
Table 2. Plasma STH increased during the infusion of glucose 
into steers and remained high after the infusion was terminated. 
The mean concentration during and after the glucose infusion 
(11.7 ng/ml) was significantly (P<.01) higher than before the 
infusion (7.4 ng/ml). Duncan's multiple range test indicated 
that the increase first reached significance (P<.05) one hour 
after the start of the infusion. Elevated plasma insulin con­
centrations were maintained during the infusion but dropped 
quickly after the infusion was stopped. Values for plasma glu­
cose concentrations were extremely high and erratic during the 
infusion period, probably due to contamination of samples from 
the catheters which were used for both infusion of glucose and 
withdrawal of blood. 
The results of a one-hour infusion of glucose into heifers 
are shown in Figure 3 and Appendix Table 3. Plasma STH in-
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creased during the infusion of glucose in a manner similar 
to that observed in steers but declined immediately after the 
infusion stopped- Plasma prolactin concentrations which were 
also determined in this experiment were not affected by the 
glucose infusion. 
The results of the infusion of acetate, propionate and 
butyrate are shown in Figures 4, 5 and 6 and Appendix Tables 
4, 5 and 6. Samples from two or three steers infused with each 
fatty acid were assayed for prolactin. Since prolactin con­
centrations in these samples were very low (<2.5 ng/ml) and 
not affected by the infusions, the data are not shown. 
Infusion of acetate (0.5 mmoles/kg/hr) into four steers 
had no effect on plasma STH, insulin or glucose. Means during 
the postinfusion period are not shown, since two catheters 
became nonfunctional. In the two animals that had functional 
catheters, there were no changes in STH, insulin or glucose 
concentrations. 
Results of infusion of propionate (0.5 mmoles/kg/hr) into 
three steers are shown in Figure 5 and Appendix Table 5. 
Plasma STH concentrations were highly variable and apparent 
differences were not statistically significant. Two animals 
had high plasma STH levels during the control period immedi­
ately before the infusion started. In one of these animals 
plasma STH reached a peak one-half hour before the infusion 
started and was declining when the infusion started. The 
apparent peak at the end of the infusion was due to one ab-
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normally high value. Propionate infusion was a potent stimulus 
of insulin secretion. Plasma insulin reached a peak one-half 
hour after the start of the infusion and declined throughout 
the remainder of the infusion period. Plasma glucose initially 
rose and then declined to a level significantly (P< 0.01) 
lower than the preinfusion level. 
Plasma STH concentration was not affected by the infusion 
of 0.25 mmoles/kg/hr butyrate into four steers (Figure 6 and 
Appendix Table 6). Plasma insulin concentration was signifi­
cantly elevated (P<0.01) by the butyrate infusion, reached a 
peak after only fifteen minutes of infusion and then declined. 
Plasma glucose concentration was significantly depressed (P< 
0.01) by the infusion of butyrate. 
The results of infusion of 48 g of salt-free, acid hy-
drolyzed casein supplemented with 1% L-tryptophan into three 
steers are shown in Figures 7 and 8 and Table 7. Plasma glu­
cose was significantly (P< 0.01) elevated by the infusion of 
the amino acid mixture and reached a peak near the end of the 
infusion. Plasma insulin increased (P<0.01) during the in­
fusion but did not reach a peak until one hour after the in­
fusion was stopped. Plasma STH concentrations were variable 
during this experiment and for this reason, results from in­
dividual animals are shown in Figure 8. In steers 26 and 29 
there was a peak in plasma STH levels during the amino acid 
infusion. In steer 14 there was no peak during the infusion. 
Perhaps the high plasma STH level before the infusion rendered 
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this animal less responsive to amino acid stimulation. In 
two cases there were substantial rises in plasma STH concen­
trations after the infusion had stopped which coincided with a 
decrease in plasma glucose. A much smaller rise was noted in 
the third steer at this time. 
Feeding and Fasting 
To determine the effect of feeding and fasting on plasma 
concentrations of STH and prolactin, four heifers were sampled 
hourly from 6 a.m. to 6 p.m. on a day when the animals were 
fed and during the same period after two days of fasting. 
Animals were fed 1.25 percent of their body weight twice daily 
prior to the first day of sampling. On the first day of sam­
pling the heifers were fed immediately after the 8 a.m. sam­
ple was taken which corresponds with hour 0 in Figures 9 and 
10 and Table 8. Data from individual heifers are presented in 
Figure 10 to show hour-to-hour fluctuation in STH concentra­
tions . 
Plasma prolactin concentration increased from about 12 
ng/ml at the time of feeding to 20 to 22 ng/ml four to six 
hours after feeding and then declined to barely detectable 
levels during fasting. Plasma STH concentrations were highly 
variable. Variations could not consistently be related to any 
known environmental or metabolic changes. The mean STH con­
centration during fasting (10.6 ng/ml) was almost the same as 
the mean concentration on the day when the animals were fed 
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(11.0 ng/ml). Figure 10 shows the plasma STH patterns for each 
animal. Plasma STH concentration in each animal fluctuated 
over a wide range and most of the peaks could not be related 
to any known metabolic or environmental changes. Plasma glu­
cose and insulin concentrations were significantly (P<0.01) 
lower during fasting than after feeding. 
Infusion of 2-Deoxyglucose 
In order to determine the effect of reduced glucose 
metabolism on plasma concentrations of STH and prolactin, 2-
deoxyglucose (50 mg/kg) was infused over a five minute period 
in three heifers and samples were taken over the subsequent 
six hour period. 
The data from one of the animals which was fasted 48 hours 
before the experiment are shown in Figure 11. Plasma glucose 
concentration increased within 30 minutes of the infusion and 
remained high. Plasma STH concentration declined coincident 
with the increasing concentration of plasma glucose and then 
increased as the plasma glucose decreased near the end of the 
sampling period. Plasma samples from this heifer were also 
assayed for prolactin but since the prolactin concentrations 
were below measurable amounts throughout the experiment, the 
data are not shown. 
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Figure 12 shows the data from two heifers receiving 2-
deoxyglucose one hour after feeding. Plasma glucose was ele­
vated initially but the elevated level was not maintained as in 
the fasting heifer. Plasma STH concentration seemed to fluctu­
ate independently as observed in the other experiments. Com­
parison of the prolactin data with those shown in Figure 9 
indicates that prolactin was not affected by the infusion of 
2-deoxyglucose. 
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Infusion of Arginine 
Arginine monohydrochloride (0.5 g/kg) was infused into 
heifers to test its effect on hormone secretion. A 40 percent 
solution of this amino acid was infused over a 10 minute 
period. 
Figure 13 shows the results of arginine infusion into two 
heifers five hours after feeding. After the infusion, plasma 
prolactin and insulin concentrations rapidly increased, reach­
ing peaks 10 to 20 minutes after the start of the infusion and 
then declining toward the preinfusion levels. In heifer 34 
there was a slight increase in plasma STH concentration. 
Plasma glucose increased slightly in heifer 34 immediately 
after the infusion but at later times hypoglycemia was noted 
in both animals. 
The results of a similar experiment with three heifers 
that had been fasted 18 hours are shown in Figure 14 and Table 
9. Plasma prolactin concentrations were significantly (P< 
0.01) elevated after the arginine infusion. The elevation was 
sustained longer than in fed heifers. Plasma insulin concen­
trations continued to increase until 30 minutes after the 
start of the experiment in contrast to the fed heifers that 
reached peak concentrations in 10 minutes. Glucose concen­
trations increased significantly (P<0.01) during the first 30 
minutes after the infusion and then declined to levels lower 
than preinfusion levels. In these fasted heifers, plasma STH 
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concentrations were significantly (P<0.01) elevated after 
the arginine infusion but not to the extent that prolactin 
concentrations were elevated. 
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DISCUSSION 
Plasma Somatotropin Concentrations 
Fasting did not result in increased mean concentrations 
of STH. This finding is similar to those reported for sheep 
(Trenkle, 1970b and Machlin et al., 1968b), rats (Trenkle, 
1970d) and monkeys (Knobil and Meyer, 1968) but unlike man 
(Click et al., 1965 and Hunter ^  al., 1968b), rabbits and 
mice (Garcia and Geschwind, 1968). Following feeding of rumi­
nants, both short chain fatty acids and glucose are readily 
available to metabolism, whereas during fasting, none of these 
are available in adequate amounts to meet the basal energy ex­
penditure and metabolism is altered such that body energy 
stores make up this deficit. While it has been postulated that 
mobilization of fatty acids from adipose tissue during fasting 
is one of the main physiological functions of STH in humans 
(Hunter, 1968), increased plasma concentrations of radio­
immunoassay able STH clearly do not contribute to this process 
in cattle since they do not increase during fasting. While it 
has been demonstrated in many species that administration of 
large doses of STH will result in increased fat mobilization, 
there is a lag period of one to several hours before the re­
sponse occurs (Fain e_t , 1965; Basset and Wallace, 1966 
aiiu Machlin ct , 1968a). Davis £t al, (1970) found that 
15 mg STH increased plasma free fatty acid concentrations in 
the sheep but 1 or 5 mg did not. The lowest dose that these 
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workers used is twice the amount that a sheep would normally 
secrete in a day (Trenkle, 1970b). Machlin et aL. (1968a) 
suggested that the free fatty acid mobilization during fasting 
results from a change in the relative activities of insulin 
and STH. Trenkle (1970b) points out that the increased free 
fatty acid concentration in sheep coincides with the increased 
ratio of STH to insulin. In the ruminant species it seems 
that STH plays only a permissive role in the mobilization of 
free fatty acids during fasting. 
The infusion of propionate and butyrate failed to alter 
plasma STH concentrations. Quantities infused were, sufficient 
to provoke marked rises in plasma insulin concentrations and 
were approximately half of the normal rate of production in 
the rumen of an animal fed a maintenance ration. Both of these 
fatty acids have been shown to suppress plasma free fatty acid 
concentrations in fasted sheep (Trenkle and Kuhlemeier, 1966). 
The increased plasma glucose concentration during the infusion 
of the gluconeogenic fatty acid, propionate, and the slow 
decline of plasma glucose concentration during and after the 
infusion of propionate or butyrate were not accompanied by 
alterations in plasma STH suggesting that moderate fluctuations 
in plasma glucose do not have much effect on STH secretion. 
Acetate infusion, which does not stimulate insulin secretion 
also did not alter plasma STH concentrations. 
An increase in mean plasma STH concentrations after one 
hour of glucose infusion into three steers and three heifers 
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was observed. After the glucose infusion was stopped, plasma 
STH remained high in steers but immediately dropped in heifers. 
This difference may have been due to the length of the infusion 
period and the total amount of glucose infused. Glucose in­
fusions (1 mmole/kg) into the steers were carried out over two 
hours, while in the heifers the glucose infusion (0.5 mmole/ 
kg) lasted only one hour. These results seem to be the exact 
opposite of studies reported in humans. Roth e_t a^. (1963b) 
and Hunter et (1966a) reported that administration of glu­
cose resulted in depressed plasma STH concentrations. In the 
present study, it is possible that plasma glucose concentra­
tions were declining during the period of time that high plasma 
STH levels were observed. The early rise in plasma insulin 
concentration could have increased glucose uptake by the tis­
sues to the extent that plasma glucose concentrations were 
actually falling during the time plasma STH concentration was 
high. Since the blood samples appeared to be contaminated 
with glucose from the catheters it cannot be determined exactly 
what changes in blood glucose occurred. If blood glucose was 
falling, the increased plasma levels of STH could have been 
mediated by the same mechanism as the increased plasma level of 
STH reported by Trenkle (1970b) in sheep after abrupt falls in 
plasma glucose were induced by injection of insulin or insulin 
and glucose. Increased plasma STH concentrations during intra­
venous glucose infusion were observed in humans by Click and 
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Goldsmith (1968) but only after eight hours of continuous in­
fusion. 
Inhibition of glucose utilization by intravenous infusion 
of 2-deoxyglucose did not result in any consistent elevations 
in plasma STH concentrations. In contrast to humans (Roth et 
al., 1963b), STH secretion in cattle does not seem to be stim­
ulated by glucoprivation. This conclusion was reached in a 
different manner by Trenkle (1970b) who found that insulin in­
duced hypoglycemia in sheep did not result in sustained eleva­
tion of plasma STH. Infusion of 2-deoxyglucose into fed heifers 
did not seem to inhibit glucose utilization as much as it did 
in the fasting heifers on the basis of increased plasma glu­
cose levels. This may have been due to greater dilution of 
the inhibitor in fed heifers which would have a larger glu­
cose pool (Kronfeld and Raggi, 1964). 
It was observed that fasted heifers were more responsive 
to arginine stimulation of STH secretion than fed heifers. 
Hertelendy £t (1970) reported that continuous infusion of 
glucose into sheep also reduced the responsiveness of plasma 
STH levels to arginine infusion. These two observations sug­
gest that STH secretion in response to arginine is influenced 
somewhat by either the energy or glucose status of the animal. 
In contrast, normal fluctuations in plasma concentrations of 
STH in heifers after feeding were found to be similar to those 
observed after two days of fasting. 
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Perhaps the most significant finding of these studies was 
that plasma STH concentrations fluctuated markedly during the 
day. These changes in STH concentrations seemed to represent 
normal secretion of the hormone rather than being related to 
energy metabolism. A rapid effect of STH on lipid and carbo­
hydrate metabolism is the so-called "insulin-like" phase in 
which increased tissue uptake of glucose and fatty acids is 
observed (Rabinowitz ejt , 1965; Basset and Wallace, 1966 
and Goodman, 1968). Some of the "insulin-like" effects of STH 
disappear when tissues are exposed to very small quantities of 
STH for more than a few minutes (Goodman, 1968 and Ahren and 
Hajalmarson, 1968) or when animals are repeatedly treated with 
STH (Basset and Wallace, 1966). If the rapid fluctuations of 
plasma STH concentrations have physiological significance to 
the energy metabolism of the animal, then alterations in 
amounts of energy substrates available to the animals would be 
expected to result in changes in the plasma hormone concentra­
tion. In this study with ruminants, no relationship was found 
between the major energy metabolites available for metabolism 
and plasma STH concentrations. 
It was premised that amino acids might be blood metabo­
lites involved in regulation of STH secretion since the more 
rapid effects of STH, occurring within 10 to 20 minutes, are in­
creased amino acid accumulation in tissues (Riggs and Walker, 
1960) and stimulation of amino acid incorporation into protein 
(Kostyo, 1968). Other metabolic effects of the hormone such 
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as increased synthesis of RNA do not occur until several hours 
after administration of the hormone (Florini and Breuer, 1966). 
Infusion of an amino acid mixture resulted in transient high 
STH concentrations in two of three steers which subsided before 
the infusion stopped. A large quantity of arginine infused 
intravenously was a potent stimulus to STH secretion in fasted 
heifers but not in fed heifers. Based upon the results of this 
study and those reported in the literature, the role of plasma 
amino acids in regulation of STH secretion is still difficult 
to assess. In humans all amino acids do not increase plasma 
STH concentrations to the same extent. The possibility exists 
that specific combinations of amino acids might be important 
in regulation of STH secretion. Arginine, the single amino 
acid found to be the most potent in stimulating STH secretion 
in humans, is usually without effect when administered in 
quantities that normally occur in physiological fluids. Oral 
ingestion of protein is effective in elevating plasma STH con­
centrations in humans (Rabinowitz ^ , 1968), but the 
quantity of protein ingested that is effective results in 
smaller increases in levels of plasma amino acids than those 
occurring after the infusion of single amino acids such as 
arginine. 
Casein hydrolysate infusion did not result in elevated 
plasma STH in one steer that had a high plasma STH level 
immediately before the infusion. Similarity, the fed heifer 
that had high plasma STH before the infusion of arginine, did 
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not respond to arginine infusion with elevated plasma STH 
concentrations. In two steers receiving casein hydrolysate 
infusion that did respond, elevated STH concentrations were 
not maintained throughout the infusion. Taken together, these 
observations suggest that high levels of plasma STH render the 
STH release mechanisms unresponsive to additional stimulation. 
Sakuma and Knobil (1970) have found that high levels of plasma 
STH (maintained by continuous intravenous infusion of STH) 
inhibit insulin induced STH release in monkeys. It seems that 
a feedback mechanism exists that enables high plasma STH con­
centrations to inhibit further STH secretion. 
The failure to find a relationship between plasma STH and 
energy metabolism in cattle has been matched by equally unsuc­
cessful attempts to relate plasma STH to growth. When 
Nalbandov reviewed the information available in 1963, it seemed 
that a clear role for STH was established. He noted from a 
study with pigs that pituitary STH (by bioassay) per unit of 
body weight increased up to 116 days of age and then decreased 
as the animal approached maturity. Similar observations for 
cattle were reported by Armstrong and Hansel (1956) and Curl 
e_t a^. (1968). On the assumption that pituitary STH was an in­
dication of secretion rate, it was proposed that reduction in 
the amount of STH available reduces growth rate as an animal 
approached maturity. Studies conducted with cattle have not 
shown that plasma STH concentrations change with age (Purchas 
et al., 1970 and Irvin and Trenkle, 1970). Since there is a 
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high correlation between plasma STH concentration and STH 
secretion rate (Trenkle, 1970e) it can be inferred that plasma 
STH concentrations are indicative of secretion. On this basis 
then STH secretion per unit of body weight does not seem to 
change with age and does not seem to be involved in growth 
rate changes as the animal matures. Perhaps STH's alias, 
growth hormone, is a misnomer and the hormone does not have a 
regulatory influence on growth. An alternative possibility is 
that part of the circulating STH is in a form that is not 
measured by the radioimmunoassay. This idea is supported in 
part by the observation by Purchas e^ (1970) that concen­
trations of STH in bull pituitaries as estimated by radioim­
munoassay were lower than values arrived at by bioassay. The 
difference between assays appeared to be related to age of the 
animals in that it was greatest between three and six months 
of age. Further support for this possibility is presented in 
Part II of this dissertation. 
Plasma Prolactin Concentrations 
Mean plasma prolactin concentrations in young heifers 
used in this study increased from 12.3 ng/ml when they were 
fed at 8 a.m. to a maximum of 26.3 ng/ml six hours after feed­
ing and then declined to very low levels during fasting. This 
suggests that prolactin secretion is influence by the meta­
bolic state of the animal. Bryant and Greenwood (1968a) re­
ported that plasma prolactin in a lactating goat decreased 
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from 270 ng/ml to 4 ng/tnl during a 24 hour fast. Although the 
initial concentration was about 10-fold higher than reported 
in this study with heifers, the decrease is in general agree­
ment with our findings. The higher concentrations may be due 
to the lactation, species, or the method of taking blood sam­
ples. Koprowski et (1970) have recently reported that 
plasma prolactin concentrations in lactating cows follow as a 
circadian rhythm, being lowest from 4 to 10 a.m., and rising 
to peak values between 4 and 7 p.m. The authors did not report 
the time these cows were fed but if it is assumed that they 
were fed during the early mornings and again about mid-after­
noon, this pattern is precisely what would be predicted from 
our data on changes in plasma prolactin concentrations after 
feeding. 
Glucose infusion into fasting heifers did not result in 
increased levels of prolactin and infusion of 2-deoxyglucose 
into fed heifers did not reduce plasma concentrations of the 
hormone so glucose does not seem to be involved in regulation 
of prolactin secretion. Since the infusion of short chain 
fatty acids into fasting steers did not increase plasma pro­
lactin concentrations, they also may not be responsible for the 
higher levels observed in heifers after feeding. Possible 
differences between steers and heifers, however, should be 
evaluated. Bryant and Greenwood (196 9) observed that injection 
of insulin into goats reduced plasma prolactin concentrations. 
Since concurrently high levels of insulin and prolactin occurred 
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after feeding heifers and after arginine infusion and low 
levels of insulin and prolactin were observed in fasted 
heifers, it seems that insulin itself neither inhibits nor 
stimulates prolactin secretion but rather the decrease Bryant 
and Greenwood observed was due to a metabolic effect of insulin. 
From a teleological point of view, the high plasma con­
centrations of prolactin in animals after feeding and very low 
concentrations in animals during fasting fit into the 
hypothesis that prolactin is an anabolic hormone (Riddle, 1963). 
Prolactin secreted after feeding would then be available to 
promote protein synthesis and tissue growth whether somatic or 
in specific target tissues such as the mammary gland. Con­
versely, this is the opposite secretory pattern that would be 
expected if the function of prolactin was lipolytic (Hamid et 
al., 1965). In the vitro studies by Hamid and associates 
prolactin was as potent or more potent in stimulating both 
protein synthesis and lipolysis as was STH. Since plasma pro­
lactin concentrations are often higher than plasma STH con­
centrations, it seems that prolactin may be considered an equal 
of STH as one of the major metabolic hormones of the anterior 
pituitary as has been suggested (Riddle, 1963). 
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SUMMARY 
Plasma STH and prolactin concentrations in cattle were 
determined under a variety of experimental conditions to deter­
mine if regulation of secretion of these hormones is under 
metabolic control. 
Plasma STH concentrations in samples taken sequentially 
from individual animals were found to fluctuate markedly in 
spite of attempts to eliminate environmental influences and 
maintain animals in a metabolic steady-state. These fluctua­
tions did not seem to be affected by feeding or fasting and 
mean concentrations in fed animals and fasted animals were not 
different. It is concluded that the mobilization of fatty 
acids during fasting is not due to increased plasma STH con­
centrations. Intravenous infusion of propionate and butyrate 
for two hours resulted in marked elevations of plasma insulin 
but did not alter plasma STH concentrations. Acetate infused 
intravenously for two hours did not affect plasma insulin or 
STH concentrations. Plasma STH concentrations in steers and 
heifers were elevated after one hour of intravenous glucose in­
fusion. Glucose infusions into steers lasted two hours and 
plasma STH remained high after the infusions were stopped. In­
fusions into heifers lasted only one hour and plasma STH 
dropped after the infusions. Inhibition of glucose utiliza­
tion by 2-deoxyglucose infusion seemed to reduce plasma STH 
concentrations in one fasted heifer but did not influence 
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plasma STH concentrations in fed heifers. Intravenous infusion 
of the amino acid mixture resulting from the hydrolysis of 
casein supplemented with tryptophan resulted in short lived 
increases in plasma STH concentrations in two of three animals. 
Intravenous infusion of arginine resulted in marked elevation 
of plasma STH concentrations in fasted heifers but not in fed 
heifers. The possible physiological significance of amino 
acids in regulation of STH secretion is not clear. 
Plasma prolactin concentrations in young heifers were 
found to rise to a peak six hours after feeding and then 
decline to very low levels during fasting. Infusion of glu­
cose or 2-deoxyglucose into heifers did not affect plasma pro­
lactin concentrations. Plasma prolactin concentrations in 
fasting steers was very low and was not increased by infusion 
of acetate, propionate or butyrate. Infusion of arginine into 
both fed and fasted heifers resulted in a rapid increase in 
plasma prolactin concentration. The elevation seemed to be 
sustained longer in fasted animals. 
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PART II. STATE OF SOMATOTROPIN IN PLASMA 
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HYPOTHESIS 
Attempts to measure plasma STH concentrations using the 
rat tibia bioassay have resulted in estimates of STH concen­
trations about a thousand times higher than normally obtained 
by radioimmunoassay for both cattle (Felch and Nellor, 1958) 
and rats (Dickerman et al., 1969). The high values obtained 
from bioassay data are most often attributed to the fact that 
the bioassay has neither the sensitivity nor specificity re­
quired for assaying STH in plasma. Another explanation might 
be that the STH molecule is altered in some way to become 
immunologically less reactive before, during or after secre­
tion into the plasma. 
Garcia and Geschwind (1958) used radioimmunoassay to esti­
mate plasma and pituitary STH in rats after applying a number 
of treatments (insulin hypoglycemia, cold stress and intra-
carotid injection of hypothalamic extract) that had previously 
been reported to result in extensive depletion of the pituitary 
of bioassayable STH. They found neither a depletion of 
pituitary STH nor an increase in plasma STH after these treat­
ments. These authors also point out that hypothalamic ex­
tracts, supposedly containing a somatotropin releasing factor, 
do not produce elevations of plasma STH levels high enough to 
be comparable with the marked depleuiou of Lue uoiiiioiie levels 
in the pituitary as measured by bioassay. One explanation for 
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these discrepancies is that the immunologically reactive and 
biologically active portions of the STH molecule are different 
and separable. If the above is true, then biologically and 
immunologically reactive sites might be affected independently 
by various stimuli. 
STH can be degraded to varying extents by chymotrypsin 
(Li 2Ë M." ) 1959), trypsin (Sonenberg et , 1968), carboxy-
peptidase (Harris et , 1954), pepsin (Laron £t a^. , 1964) 
and plasmin (Ellis e;t , 1968) with retention of significant 
amounts of growth promoting activity. The pituitary gland con­
tains an abundance of proteolytic enzymes potentially capable 
of making similar modifications of the STH molecule (Perdue 
and McShan, 1962 and Tesar et al., 1969). Driver, Armstrong 
and Bomstein (as cited in Bomstein ^  , 1969) have re­
cently reported that pituitary extracts contain two enzymes 
which act on bovine STH, one releasing a fraction inhibiting 
glucose uptake by muscle and fatty acid synthesis by liver 
slices and the other releasing a fraction that accelerates 
both activities. 
The hypothesis to be tested was that proteolytic enzymes 
act on STH resulting in a circulating peptide retaining bio­
logical activity but immunologically less reactive than the 
intact molecule. Bovine STH under most conditions has an 
apparent molecular weight of about 45,000 but this seems to 
be a dimer (Dellacha et al., 1968). Ellis e^ a^. (1968) have 
shown that limited proteolytic hydrolysis will convert STH to 
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a form with an apparent molecular weight of about 20,000 with 
full retention of biological activity. From this information 
it was reasoned that if the hormone was altered by partial 
hydrolysis, it should have a smaller molecular size and be re­
tarded longer when submitted to gel filtration. It was antici­
pated that an altered peptide would be less reactive immunolog­
ically than the intact molecule but might remain sufficiently 
reactive to be detected with the radioimmunoassay when sepa­
rated from the intact hormone. 
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PROCEDURES AND RESULTS 
Bovine plasma was subjected to gel filtration through 
Sephadex columns at 4°C. Fractions were collected and quad­
ruplicate 0.4 ml samples were added to tubes prepared for the 
solid-phase radioimmunoassay as described by Trenkle (1970a). 
It was anticipated that the presence of plasma proteins might 
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reduce the binding of the I-STH to antibody. To eliminate 
this possible source of error, the first reaction mixture was 
removed after 3 days at 4°C, the tubes rinsed with saline and 
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fresh diluent and I-STH added to the tubes for an addi­
tional 2-day incubation. This procedure, for elimination of 
damage to the labeled hormone due to the presence of plasma 
factors, is possible because the antigen-antibody reaction is 
essentially irreversible under the conditions used for this 
assay (Trenkle, 1970a). 
Figure 15 shows the elution pattern of immunoreactive STH 
when 20 ml of bovine plasma or 20 ml of purified bovine STH 
was eluted through a 2.54 x 95 cm column of Sephadex G-100. 
Elution was performed with 0.1 M, pH 8.6 sodium barbital buffer 
containing 2.5 mg bovine serum albumin/ml and 8.8 ml fractions 
were collected. Ttiis figure shows that a substantial portion 
of the immunologically reactive STH passed through the column 
imr'p.trflTdpfl (pppir A^ B to 2 idçnticsl 
with that of purified bovine STH. No indication of a reactive 
component smaller than the purified STH was obtained from this 
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Figure 15. Elut ion patterns of plasma STH ( ) and puri­
fied STH (• •) from Sephadex G-lOO 
type experiment. Peak A was observed both in plasma that had 
been stored at -15°C and in fresh plasma subjected to gel fil­
tration soon after it was taken from the animal. Immunolog­
ically reactive components similar to peak A were not detected 
in plasma from a hypophysectomized calf or when purified bovine 
STH was added to plasma from a hypophysectomized animal. High 
molecular weight components were not detected in extracts of 
fresh pituitary glands. To gain information on the molecular 
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size of peak A, plasma was chromatographed on Sephadex G-200. 
Peak A again emerged from the column unretarded. 
The behavior of immunoreactive STH in a 0.1 M, pH 3.6 
glycine-HGl buffer containing 2.5 mg bovine serum albumin/ml 
was also examined. In this buffer, purified bovine STH ex­
hibits a minimum molecular weight near 20,000 (Dellacha e_t al. , 
1968). plasma was dialyzed for 24 hours against several 
changes of the glycine buffer before being assayed. The re­
sults of this experiment are shown in Figure 16. Also included 
in Figure 16 for comparison is the elution pattern of im-
munoreactive STH from the same plasma sample on the same size 
column in the barbital buffer. The elution volume for peak B 
was greater in the pH 3.6 glycine buffer suggesting that dis­
sociation had occurred. Unretarded immunoreactive material 
(peak A) was also present when the glycine buffer was used. 
Radioimmunoassay binding curves were established for 
material in peaks A and B in order to compare their immunological 
reactivity with that of purified STH. Fractions within peak A 
or peak B, from a column similar to that shown in Figure 15, 
were pooled and 0.1 ml to 0.4 ml of each were assayed. The 
binding curves obtained from this experiment are shown in 
Figure 17. Inhibition of labeled hormone binding by material 
in peak A was less than the inhibition by purified STH and 
the calculated STH concentration decreased with increasing 
assayed volumes. 
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Figure 16. Elution patterns of plasma STH in different buffers 
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Figure 17. Radioimmunoassay binding curves for purified STH 
(• •), peak B (• •) and peak A ( ) 
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DISCUSSION 
The results of this study indicate that immunologically 
reactive STH does not exist in plasma as a single homogeneous 
component but that a significant portion of this hormone is 
associated with fractions of large molecular size. The appear­
ance of a high molecular weight component could theoretically 
be due to plasma proteins interfering with the assay but this 
possibility was lessened by removing the plasma fractions from 
the assay tubes before adding the labeled hormone. Any inter­
ference from plasma factors would have to arise from action of 
plasma factors on antibodies adsorbed on the solid phase. 
Since plasma fractions from a hypophysectomized animal did not 
reduce the binding of labeled STH it seems that the immuno-
reactive material not retarded on Sephadex columns is derived 
from STH. 
Dose response curves for material in peaks A and B indi­
cate that the immunoassay is quantitative for the reactive 
component in peak B but not quantitative for the reactive com­
ponent of peak A. Since the reactive component of peak A has 
a much lower affinity for the antibody than that in peak B 
and since whole plasma gives dose response curves that seem to 
parallel the purified STH very closely, it seems that in the 
usual annTiratinn nf fhie aggay fr, pl9S!T\?. S^.ÏP.pl^S , pri­
marily the material in peak B is measured. 
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Ferguson et , (1967) reported that more than 95 percent 
of the immunoreactive STH in human plasma was in peaks less re­
tarded on Sephadex than purified human STH. In contrast, 
Boucher (1968) found only a single peak of immunoassayable STH 
when human serum was eluted through Sephadex which coincided 
with the peak obtained from purified human STH. Berson and 
Yalow (1966) reported that immunologically reactive STH in 
human serum was indistinguishable by starch-gel electrophoresis 
from the purified hormone. The lack of agreement as to the 
characteristics of plasma STH may be due to the methods of 
handling samples, conditions used for separations, the immuno­
assay systems or antisera used. The varying degree of reac­
tion of different antisera with structurally modified hormones 
may be an explanation why some workers have not been able to 
detect the large component. In the present study and in the 
study reported by Ferguson e;t al. (1967) plasma was used for 
the experiments and in both cases high molecular weight com­
ponents were detected. Berson and Yalow (1966) and Boucher 
(1968) used serum and did not find multiple components. In 
the barbital buffer used in this study, bovine STH apparently 
exists as a dimer without further aggregation. The glycine 
buffer used was selected because the minimum molecular weight 
for bovine STH is obtained in this buffer. Ferguson ^  al. 
(1967) reported the results of their experiment in an abstract 
and did not describe the eluting solution used, therefore, a 
comparison of the results of studies with human STH cannot be 
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made. 
Since the high molecular weight component was not retarded 
on Sephadex G-200 it seems to be associated with plasma macro-
molecules. Hadden and Prout (1964) reported that human STH 
131 labeled with Iodine and added to human serum migrated with 
a macroglobulin in agar gel electrophoresis and was precipi­
tated with a specific antiserum to this protein. This report, 
however, has been criticized on the basis that introduction of 
the iodine molecule onto the protein results in structural 
changes such that its physical behavior is not characteristic 
of the original hormone. 
Bryant et (1969) have reported that plasma prolactin 
concentrations in the goat are depressed by injection of in­
sulin. They observed that during the period of low prolactin 
concentrations, plasma did not give dose response curves 
parallel to standards. The deviation from parallelism became 
progressively greater as plasma prolactin declined. They in­
terpreted these data as showing a continuous degradation of 
endogenous prolactin after secretion is suppressed. In con­
junction with the studies reported in Part I of this disserta­
tion, plasma samples obtained at various times after infusion 
of arginine were subjected to gel filtration. Only a single 
symmetrical peak of prolactin was detected in the eluted frac­
tions. Addition of different quantities of plasma to the im­
munoassay tubes resulted in response curves parallel to the 
standard. These findings were consistent throughout the period 
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when levels of plasma prolactin were returning to preinfusion 
concentrations. 
In summary, the hypothesis that circulating STH may exist 
in a form different from the purified hormone preparations is 
supported in this work. That these differences result from 
the action of proteolytic enzymes on the pituitary hormone is 
neither supported nor rejected by these data. The high molec­
ular weight component suggests that either STH or a fragment 
of STH is associated with macromolecules in plasma. The 
physiological significance of the heterogeneousness of STH in 
plasma is not clear. 
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Table 2. Effect of glucose infusion on plasma STH, insulin 
and glucose in steers 
Hour 
STH 
ng/ml 
Insulin 
ng/ml 
Glucose 
mg/100 ml 
0 9.0^2.0^bc,l 0. 
0
 
+
 1 07 73. 7- 5.8 
2 8.4-2.1^^ 0. 50-0. 11 73. 3- 10.0 
3 5.6-0.2^ 0. 45-0. 07 68. 7- 4.7 
3-1/2 7.0-2.1* 0. 42-0. 10 66. 1- 4.2 
k 6.9-0.1^ 0. 35-0. 07 72. 3- 5.0 
4-1/4 7.0-0.3^ 1. 45-0. 68 449. 0- 83.3 
4-1/2 9.1-2.6*^^ 1. 36-0. 50 648. 7-135.3 
5 13.7-4.8"^ 1. 45-0. 50 362. 5-200.0 
5-1/2 12.4-3.lbcd 1. 18-0. 24 710. 7-168.9 
6 13.0-2.7^^ 1. 67-0. 67 533. 0-153.5 
6-1/4 ll.8-l.2bcd 1. 24-0. 44 133. 0- 16.3 
6-1/2 14.6-l.oCd 0. 83-0. 24 105. 2- 11.4 
7 12.4-2.0^^^ 0. 73-0. 28 101. 3- 17.4 
8 ll.6-2.5bcd 0. 50-0. 16 90. 7- 11.7 
Mean squares 
STH Insulin 
Source d.f. ng/ml ng/ml 
Animal 2 4. 10 3.5502** 
Hours 13 26. 17 0.6639** 
Infus ion vs. noninfusion 1 6.3521** 
Before vs . after infusion 1 183. 56** 
Error 26 20. 53 0,1558 
Means - standard error, means not bearing a common letter 
superscript are significantly different (P< 0.05) here and 
throughout thesis. 
**P < 0.01 here and throughout thesis. 
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Table 3. Effect of glucose infusion on plasma STH, prolactin 
and glucose in heifers 
STH Prolactin Glucose 
Minutes ng/ml ng/ml mg/100 ml 
15 13.7-2. 0^ 8.2-4.1 85. 0- 4.7 
30 12.1-4. 1^ 7.6-3.7 83. 0-3.2 
45 11.2^4. 4a 6.7-3.4 81. 5- 2.7 
60 11.7-3. 0® 6.1-2.9 84. 0- 3.0 
75 12.9-1. 7^ 5.8-2.9 131. 3^22.6 
90 13.2^2. 6^ 6.4-3.3 134. 9-23.4 
105 16.5-1. sab 6.0-3.3 155. 5- 6.6 
120 23.0-3. 8^ 6.7-3.4 168. 0-50.0 
135 13.9-2. 1^ 7.9-4.2 107. 5-10.7 
150 15.2-3. gab 6.0-3.1 101. 3- 6.4 
180 20.2-9. gbc 7.3-3.8 96. 5- 6.5 
Mean squares 
STH Prolactin 
Source d.f. ng/ml ng/ml 
Animal 2 429 .29** 384.44** 
Time 10 41 .60 2.08 
Before vs. after inf us ion 1 138 .00* 
Error 20 32 .78 1.28 
*P <0.05 here and throughout thesis. 
**P<0.01 here and throughout thesis. 
Table 4. Effect of acetate infusion on plasma STH, insulin 
and glucose in steers 
Hour 
STH 
ng/ml 
Insul in 
ng/ml 
Glucose 
mg/100 ml 
0 11.5-1.5 0.42-0.12 77.6^3.6 
2 10.9-1.6 0.40-0.08 82.3-3.6 
3 10.2-1.8 0.37-0.07 77.8-5.7 
3-1/2 8.4-0.8 0.41-0.05 77.0-4.7 
4 9.4-2.3 0.48-0.08 78.4-4.9 
4-1/4 8.0-1.5 0.47-0.07 81.3-5.3 
4-1/2 7.6-0.8 0.40-0.05 75.0-6.6 
b 7.9-0.4 0.38-0.07 75.4-4.0 
5-1/2 11.9-4.4 0.33-0,02 73.3-2.6 
6 9.4-2.4 0.32-0.04 76.6-5.3 
Source d.f. 
Mean souares 
STH Insulin Glucose 
ng/ml ng/ml mg/100 ml 
Animal 
Hour 
Error 
3 
9 
27 
60.66** 
9.77 
11.93 
0 
0 
0 
.0977** 689.0 
.0108 30.14 
.0111 27.53 
<0.01 here and throughout thesis. 
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Table 5. Effect of propionate infusion on plasma STH, insulin 
and glucose in steers 
STH Insulin Glucosi 
Hour ng/ml ng/ml mg/100 I 
0 10.5-1.7 0.57-0.03 74.6-4.0 
2 9.5-0.8 0.52-0.06 79.7-3.4 
3 14.7-1.8 0.50-0.06 72.4-1.2 
3-1/2 16.1-4.8 0.48-0.04 74.6-3.1 
4 16.6-5.6 0.43-0.07 73.1-3.4 
4-1/4 7.1-1.0 4.01-1.03 85.7-4.3 
4-1/2 10.4-2.1 4.87-1.84 86.4-3.6 
5 10.4-2.1 3.38-2.09 78.7-2.1 
5-1/2 9.0-0.8 1.85-1.01 75.0-4.5 
6 17.4-8.8 1.20-0.43 67.0-2.5 
6-1/4 8.1-0.5 0.52-0.14 65.4-3.1 
6-1/2 7.2-0.5 0.38-0.10 63.9-6.1 
7 9.5-1.6 0.38-0.09 68.9-4.8 
8 10.4-2.2 0.47-0.09 76.0-6.4 
Mean squares 
STH Insulin Glucose 
d.f. ng/ml ng/ml mg/100 ml 
2 186.41** 10.3687** 130.15* 
13 33.50 6.5234** 139.57** 
1 0.05 39.8831** 61.92 
1 527.67** 
26 22.03 1.5261 41.57 
Source 
Animal 
Hours 
Infusion vs. 
noninfusion 
Pre infusion vs. 
postinfusion 
Error 
*P< 0.05 here and throughout thesis. 
**P<0.01 here and throughout thesis. 
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Table 6. Effect of butyrate infusion on plasma STH, insulin 
and glucose in steers 
STH Insulin Glucose 
Hour ng/ml ng/ml mg/100 ml 
0 13.6-3.3 0.59-0.11 90.2-8.0 
2 11.3-0.8 0.70-0.20 90.6-7.2 
3 8.8^1.7 0,55-0.06 86.4-7.7 
3-1/2 10.4-1.8 0.52-0.08 84.0-4.8 
4 7.4-1.7 0.52-0.08 8I.3Z5.O 
4-1/4 7.4-1.6 2.75^0.82 76.4-6.2 
4-1/2 7.7-1.3 1.79-0.43 78.7-6.4 
5 10.5-3.1 1.18-0.22 77.2^6.6 
5-1/2 8.2-1.7 1.13-0.22 72.5-5.7 
6 6.5-1.3 1.09-0.12 70.8-6.4 
6-1/4 7.1-1.5 0.39-0.05 72.2-5.4 
6-1/2 7.2-1.3 0.35-0.05 71.5-6.4 
7 8.4-2.3 0.42-0.09 72.9-3.5 
8 12.8-4.0 0.55-0.09 84.7-3.9 
Source d.f. 
Animal 3 
Hour 13 
Infusion vs. 
noninfusion 1 
Preinfusion vs. 
during and after 1 
Error 39 
Mean squares 
STH Insulin 
ng/ml ng/ml 
110.44** 
20.27 
33.42 
11.26 
1.4038** 
1.7990** 
14.9087** 
0.2195 
Glucose 
mg/100 ml 
1572.97** 
194.86** 
1630.93** 
38.37 
**P< 0.01 here and throughout thesis. 
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Table 7. Effect of casein hydrolsate infusion on plasma STH, 
insulin and glucose in steers 
Hour 
STH 
ng/ml 
Insul in 
ng/ml 
Glucose 
mg/100 ml 
0 7.5-1. 6 0.48-0. 17 63.9- 0.6 
2 10.4-4. 2 0.44-0. 10 67.6- 4.2 
3 14.5-5. 1 0.42-0. 12 66.3- 2.6 
3-1/2 9.1-2. 3 0.43-0. 12 68.0- 2.5 
4 9.8-2. 1 0.61-0. 28 65.4- 1.5 
4-1/4 8.7^1. 4 0.68-0. 27 75.2- 3.2 
4-1/2 12.5-3. 2 0.87-0. 42 76.4- 1.4 
5 17.5-4. 1 0.87-0. 50 92.1+ 5.1 
5-1/2 9.1-1. 0 2.40-1. 85 99.2- 7.1 
6 9.1-2. 0 3.17-2. 11 101.5* 6.8 
6-1/4 11.7-3. 3 2.66-1. 83 97.7-17.5 
6-1/2 10.9-3. 7 5.09-2. 12 98.1- 8.6 
7 16.6-5. 9 7.60-3. 53 87.3- 8.7 
8 12.8-4. 2 2.67-0. 17 75.4- 2.0 
Mean squares 
STH Insulin Glucose 
Source d ..f. ng/ml ng/ml mg/100 ml 
Animal 2 195.84** 23. 4615* 633.34** 
Hour 13 27.73 13. 6922* 615.97** 
Preinfusion vs. 
during and after 1 56. 3342** 5085.31** 
Infusion vs . after 1 56. 3699** 
Error 26 23.38 4. 8591 46.57 
*P < 0.05 here and throughout thesis. 
**P< 0.01 here and throughout thesis. 
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Effect of feeding and fasting on plasma hormones and 
glucose in heifers 
Prolactin 
ng/ml 
STH 
ng/ml 
Insul in 
ng/ml 
Glucose 
mg/100 ml 
19.5-5.7 17.2-3.8 0.45-0.18 93.7-3.2 
10.8-2.8 8.0-2.2 0.46-0.10 98.8-5.4 
12.3-3.0 13.2-4.6 0.47-0.02 91.6-1.3 
11.5-3.1 5.3-0.6 0.99-0.14 90.4-5.0 
14.7-4.3 24.6-8.5 0.67-0.08 99.2-5.0 
17.3-6.1 10.7-2.1 0.62-0.05 101.5-4.4 
20.8-3.1 9.0-1.1 0.70-0.04 105.1-6.0 
20.4^4.2 10.5-4.8 0.78-0.14 100.0-3.9 
23.6^5.0 8.2-2.9 0.63-0.11 102.9-5.6 
14.5-4.2 9.3-0.2 0.58-0.08 96.4-0.9 
9.3-1.5 11.4-2.5 0.50-0.03 100.2-4.2 
7.4^1.2 8.6-1.4 0.51-0.02 99.4-3.0 
4.5-1.0 6.6-1.0 0.71-0.09 99.8-3.9 
1.0-0.7 7.6-0.7 0.22-0.02 89.8-4.5 
2.0-0.8 10.7-2.0 0.22-0.04 84.4-4.7 
1.6-0.7 8.3-0.7 0.24-0.03 84.5-3.6 
0.6-0.4 13.9-1.7 0.17-0.03 80.2-2.3 
0.9-0.7 9.1-0.5 0.16-0.02 82.2-3.4 
0.7-0.5 14.3^1.9 0.16-0.02 81.1-3.2 
0.5-0.4 13.4^1.5 0.16-0.03 86.2-4.7 
0.8-0.4 10.3-1.2 0.18-0.03 81.7-2.3 
2.0-0.9 11.7-1.4 0.15-0.02 86.7-6.2 
0.9-0.4 9.1-0.6 0.14-0.02 83.6-1.2 
0.3-0.2 10.2-0.7 0.15-0.02 85.5-5.2 
2.7-1.6 12.0-3.3 0.23-0.01 78.3-2.4 
n lIcï 1 A ftln L n iqln m «1 9-R 0 
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Table 8. (Continued) 
Source 
Prolactin 
d.f. ng/ml 
Mean squares 
STH Insulin 
ng/ml ng/ml 
Glucose 
mg/100 ml 
Animal 
Hours 
Fed vs. 
fast 
Error 
3 28.63** 
25 247.73** 
1 4592.49** 
75 30.16 
19.08 
61.02* 
29.53 
0.0782** 
0.2477** 
4.9984** 
0.0181 
1050.39** 
284.07** 
5767.79** 
55.58 
*P < 0.05 here and throughout thesis. 
**P< 0.01 here and throughout thesis. 
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Table 9. Effect of arginine infusion on plasma prolactin, STH, 
insulin and glucose in fasted heifers 
Prolactin STH Insulin Glucose 
Minutes ng/ml ng/ml ng/ml mg/100 ml 
-45 4.7- 3. 2 14.6- 5. 1 0.27-0. 06 85.0-5.1^ 
-30 6.2- 4. 4 13.6- 3. 6 0.22-0. 06 86.323.9b 
-15 6.1- 3. 7 11.1- 2. 1 0.25-0. 04 86.1-3.5b 
0 8.1- 4. 5 9.7- 2. 5 0.23-0. 04 85.6-3.0^ 
10 104.0-28. 6 12.0- 3. 4 17.90-1. 95 110.2-7.5C 
20 73.5- 8. 0 19.7- 5. 1 23.33-5. 42 112.6-1.1^ 
30 90.2-19. 2 35.4-10. 2 26.95-5. 83 117.0-4.7C 
45 60.9-14. 9 35.4-12. 8 16.75-4. 67 103.4-4.0^ 
60 72.3-24. 6 23.0* 8. 8 7.85-2. 59 85.9-9.0^ 
90 65.5-23. 0 17.1- 4. 9 2.40-0. 70 68.7-9.0% 
Source d.f. 
Animal 2 
Time 9 
Before 
vs. after 
infusion 1 
Error 18 
Prolactin 
ng/ml 
3346.05** 
4527.61** 
Mean squares 
STH Insulin 
ng/ml ng/ml 
570.74** 
268.13* 
36757.61** 1019.11** 
518.26 89.62 
123.1106** 
338.1831** 
1756.9376** 
18.3735 
Glucose 
mg/100 ml 
276.64** 
735.39** 
76.19 
*P < 0.05 here and throughout thesis. 
**P<0.01 here and throughout thesis. 
